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(54) Method and apparatus for making a micro device 

(57) A hinged mask and a method for its use in man- 
ufacturing MEMS device are disclosed. According to the 
invention, the hinged mask and a portion of the MEMS 
device are lormed at the same time on a support. Open- 
ings are formed in the mask ; the openings defining a 
pattern that is transferable in the lorm of a patterned lay- 
er. After release of the MEMS device, the hinged mask 
is rotated out-of-plane about 180° to lie on top of the 
■ MEMS device. The hinged mask is used as a micro- 
sized shadow mask to deposit a patterned film of arbi- 
trary composition on the MEMS device. Since the 
hinged plate is formed by the original lithography, it is 
aligned to the MEMS device with a high degree of ac- 
curacy. 




FIG. 4 
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Description r 

Fi Id of the Invention 

The present invention relates generally to a method 
and apparatus for making micro mechanical or micro 
electro mechanical devices. 

Background of the Invention 

Micro electro mechanical systems (MEMS) devices 
are typically fabricated by depositing a plurality of ma- 
terials layers, some of which are then removed by se- 
lective etching during a release procedure. For complex 
structures, MEMS device manufacture often requires 
depositing additional patterned films or layers upon a 
portion of the MEMS device after the initially deposited 
layers have been released. Such post processing is oc- 
casioned due to the limitations imposed on film materi- 
als selection by the etchanl, typically acid, used in the 
release. 

Using conventional photolithographic techniques 
during such post processing often provides unsatisfac- 
tory results. Covering the partially-formed MEMS device 
with photoresist can damage it. As a result, the ability to 
add structure to the MEMS device during post-process- 
ing is limited. Alternatively, conventional shadow masks 
can be used todeposit a patterned layer, however, align- 
ment of such masks can be problematic. 

As such, there is a need for a MEMS fabrication 
method that does not limit film composition or MEMS 
device configuration and avoids alignment problems. 

Summary of the Invention 

According to the present method, a hinged mask 
that is rotatable 1 80° about the hinge is used as a micro- 
sized shadow mask to deposit a patterned film of arbi- 
trary composition on a released MEMS device. The 
hinged mask is formed coincidently with the pre-re- 
leased MEMS device. Suitably placed openings or 
bores are formed in the mask. The openings define a 
pattern that is transferable in the form of a patterned lay- 
er that is deposited on the released ME MS device. Since 
the hinged plate is formed by the original lithography, i. 
e. ; simultaneously with the films forming the pre-re- 
leased MEMS device, it can be aligned to the MEMS 
device with a high degree of accuracy. 

After release, the hinged mask is rotated about the 
hinge and placed over the MEMS device. Using the 
hinged mask as a shadow mask, a patterned layer is 
directly deposited on the MEMS device. The mask is 
then rotated away from the MEMS device, allowing, as 
the application dictates, one or more additional masks 
to be sequentially rotated inio position above the MEMS 
device and additional patterned layers to be deposited. 

In this manner, an arbitrarily complicated structure 
can be formed on a released MEMS device. 



Sri f Description of the Drawings 

Further features of the invention will become more 
apparent from the following detailed description of spe- 
5 cific embodiments thereof when read in conjunction with 
the accompanying drawings, in which: 

FIG. 1 shows an exemplary embodiment of a micro- 
hinge suitable for forming a hinged mask according 

10 to the present invention; 

FIG . 2 shows an exemplary embodiment of a hinged 
mask according to the present invention; 
FIG. 3 is a flow diagram ot method for forming a 
MEMS device using the hinged mask of FIG. 2; 

is FIG. 4 shows two exemplary hinged masks and a 
released MEMS device; 

FIG. 5 shows one of the hinged masks of FIG. 4 

rotated over the MEMS device; 

FIG . 6 shows a layer patterned on the MEMS device 

20 using the rotated hinged mask of FIG. 5; 

FIG. 7 shows a second one of the hinged masks of 
FIG. 4 rotated over the MEMS device; and 
FIG. 6 shows structure patterned on the MEMS de- 
vice of FIG. 6 via the second rotated hinged mask 

25 of FIG. 7. 

Detailed Description 

FIG. 1 is a perspective view of an exemplary em- 

30 bodiment of a micro-hinge 2 suitable for use in conjunc- 
tion with the present invention. The micro-hinge 2 in- 
cludes a plate 4, a hinge pin 6 and a staple 8. The micro- 
hinge 2 is hinged to a substrate 14. The staple 8 is at- 
tached to the substrate 14 at contact points 10 and 12. 

35 The staple 8 and hinge pin 6 are suitably fabricated so 
that the plate 4 is substantially free to rotate up to and 
including 180° off the substrate 14. The micro-hinge 2 
can be formed via a three-mask double-layer polysilicon 
process with oxide sacrificial layers using low-pressure 

40 chemical vapor deposition (LPCVD). See, Pister et al., 
"Microfabricated Hinges," v. 33, Sensors and Actuators 
A, pp. 249-256, 1992, incorporated by reference herein. 

FIG . 2 shows an exemplary embodiment of a hinged 
mask 20 according to the present invention As shown 

45 in FIG. 2, the exemplary hinged mask 20 includes two 
compound hinges 22, 26 : a mask 32 and opening 34. 
Arms 28 and 30. connect respective compound hinges 
22 and 26 to the mask 32. 

The compound hinges 22, 26 consist of respective 

50 pluralities of micro-hinges 24a-e and 26a-e. The struc- 
ture of micro-hinges 24a-e and 26a-e are adapted from 
the micro-hinge 2 illustrated in FIG. 1 . A plurality of such 
micro-hinges are useo in preference to a single micro- 
hinge to improve robustness. Other configurations of 

55 compound hinges for such "heavy -duty "service, based 
on the simple exemplary micro-hinge 2 shown in FIG. 
2, may suitably be used. Moreover, it should be appre- 
ciated that in other embodiments, the compound hinges 
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22 and 26 may be directly attached to the mask 32 so 
that arms 28 and 30 are not required. 

The opening 34 is suitably configured for transfer- 
ring a desired pattern to the surface of a released MEMS 
device, tt will be appreciated that more than one opening 
34 can be included in the mask as appropriate to pattern 
a layer into a particular configuration. 

The compound hinges 22, 26, arms 28, 30 and 
mask 32 can be formed of polysilicon, silicon nitride, sil- 
icon oxide and other materials typically used for MEMS 
device manufacture. 

The exemplary hinged mask 20 of FIG. 2 can be 
used in a method according to the present invention for 
fabricating a MEMS device. An exemplary method for 
such purpose is illustrated by flow-diagram in FIG. 3. 

As indicated in operation block 40, one or more 
hinged masks : such as the mask 20, are formed during 
photolithographic patterning of a MEMS device Forma- 
tion of the hinged masks during MEMS patterning ad- 
vantageously provides for precision alignment of the 
hinged masks to the MEMS device. 

After the MEMS device and the hinged masks are 
released : a hinged mask is rotated out-of-plane of the 
substrate or wafer through approximately 180° (nearly 
back in-the-plane) to lay on top of the released MEMS 
device , as noted in operation block 44. Electrostatic, 
magnetic or mechanical instrumentalities can be used 
to rotate the hinged mask into position. Optional locking 
members suitable for locking the hinged masks in posi- 
tion can be provided. In one embodiment, such a locking 
member is configured as a flexible beam, attached to 
the substrate at one end. The locking member is posi- 
tioned on the substrate so that a portion of the free end 
of the locking member can be positioned on top of a 
hinged mask that has been rotated in position. The flex- 
ion in the beam as a result of positioning it on top of the 
hinged mask provides a biasing force that substantially 
prevents the hinged mask from moving. 

A dry pattern transfer of the pattern defined by the 
mask is performed, as indicated in block 48. It will be 
readily apparent to those skilled in the art that the hinged 
mask is functioning as a shadow mask. Dry pattern 
transfer via shadow mask is old in the art. Since wet 
etching is avoided, a wide variety of materials may be 
deposited on the MEMS device. 

As indicated in block 52, the hinged mask is rotated 
away from the MEMS device and preferably back to its 
original position in-the-plane of the substrate after pat- 
tern transfer. If additional hinged masks are present for 
pattern transfer, they are sequentially rotated into place 
for patterning. 

It will be appreciated that the present method ad- 
vantageously provides the ability to place a virtually un- 
limited variety of structures capable of a wide range of 
functions on a released MEMS device. Several nonlim- 
iting examples of such structures include, dielectric mir- 
rors, dielectric filters, polarizers, devices having a non- 
linear optical response such as frequency doublers, and 



lhe like. 

FIGfe. 4 - 8 show an exemplary arrangement com- 
prising two hinged masks and a released MEMS device, 
and illustrate the use of such masks according to the 

5 aforedescribed for depositing additional structure onto 
the MEMS device. 

FIG. 4 shows a first hinged mask 60 with opening 
62, a second hinged mask 70 with openings 72 and a 
released MEMS device 80. The first and second hinged 

10 masks 60, 70 are rotatably attached to a substrate 58 
at respective compound hinges 64, 66 and 74, 76. In 
preparation for disposing a patterned layer 82 on the 
MEMS device 80, the first hinged mask 60 is rotated out 
of the plane of the substrate 58 towards the MEMS de- 

15 vice 80. FIG. 5 shows the first hinged mask 60 lying di- 
rectly over the MEMS device. 

Using the first hinged mask 60 as a shadow mask, 
a patterned layer 82 is then deposited on the MEMS de- 
vice 80. FIG. 6 shows the MEMS device 80 after dry 

20 pattern transfer of the patterned layer 82 and after the 
first hinged mask 60 has been rotated away from the 
MEMS device and back in to the plane of the substrate 
58. 

To dispose a second patterned layer 84 having a 

25 structure defined by the openings 72, the second hinged 
mask 70 is rotated into position directly over the MEMS 
device 80. FIG. 7 shows the second hinged mask 70 
lying directly over the MEMS device. 

FIG 8 shows the MEMS device 80 after the second 

30 dry pattern transler by which patterned layer 84 is added 
to the MEMS device 80. The second hinged mask 70 is 
shown rotated away from the MEMS device and in the 
plane of the substrate 58 in FIG. 8. 

Although specific embodiments of this invention 

35 have been shown and described herein, it is to be un- 
derstood that these embodiments are merely illustrative 
of the many possible specific arrangements that can be 
devised in application of the principles of the invention. 
Numerous and varied other arrangements can be de- 

40 vised in accordance with these principles by those of 
ordinary skill in the art without departing from the scope 
and spirit of the invention. 



1. An article comprising a hinged mask, comprising: 

a hinge connected to a support; and 
a mask having an opening defining a predeter- 
mined pattern for transfer to a surface : the 
mask rotatably connected to the hinge, where- 
in, 

a first layer having the predetermined pattern 
is formed on the surface when a first material 
is suitably delivered to the mask. 

2. The article of claim 1 wherein the surface is a re- 
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leased micro electro mechanical systems device. 

3. The article of claim 2. and further comprising the 
released micro electro mechanical systems device. 

5 

4. The article of claim 1 , and further wherein the mask 
is rotatable through 180° within the hinge. 

5. The article of claim 1 and further wherein a second 
and further layers of the first or other materials are 10 
patterned on the surface, said first, second and fur- 
ther layers collectively forming structures selected 
from the group consisting of dielectric mirrors, die- 
lectric filters, polarizers and device having a nonlin- 
ear optical response. is 

6. A method for forming a micro electro mechanical 
systems device, comprising the steps of: 

forming a hinged mask and several layers of the 20 
micro electro mechanical systems device on a 
support; 

releasing the hinged mask and the several lay- 
ers; 

rotating the hinged mask away from the support 25 
and toward the several layers: and 
dry patterning a first layer of material on an up- 
permost layer of the several layers. 

7. The method of claim 6, and further comprising the 30 
step of: 

rotating the hinged mask away from the sev- 
eral layers after dry patterning the first layer. 

8. The method of claim 6, wherein the step of rotating 35 
further comprises rotating the hinged mask about 
ISO 9 . 

9. The method of claim 6 wherein the step of forming 
further comprises using photolithography to form 40 
the hinged mask and the several layers. 

10. The method of claim 9 wherein the step of releasing 
further comprises using an etchant. 

45 

11. The method of claim 6 wherein the step of dry pat- 
terning further comprises dry patterning the first lay- 
er to have a first index of refraction, and further com- 
prising the step of drying patterning a second layer 

of material on the first layer, the second layer having so 
a second index of refraction, wherein the first and 
second indices of refraction differ sufficiently so that 
the first and second layer function as a filter opera- 
ble to reflect light having a specific wavelength and 
to pass light having other wavelengths. S5 
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FORM HINGED 
MASK 



44- 



ROTATE HINGED MASK 
OUT-OF-PLANE AND 
ON TO MEMS DEVICE 



PATTERN A LAYER ONTO 
48— | MEMS DEVICE USING HINGED 
MASK AS A TEMPLATE 



52- 



ROTATE HINGED 
MASK AWAY FROM 
MEMS DEVICE 



FIG. 3 
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FIG. 5 
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